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7KLV SDSHU KLJKOLJKWV D VXUIDFHPRGLILFDWLRQ WHFKQLTXH WR HYDOXDWH WKHPHFKDQLFDO SURSHUWLHV OLNH  KDUGQHVV DQG VOLGLQJZHDU
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 ,QWURGXFWLRQ
7KH ,QGLDQ )RXQGU\ LQGXVWU\ SURGXFHV VHYHQ PLOOLRQ PHWULF WRQQHV DSS RI FDVWLQJV HPSOR\LQJ HVWLPDWHG
SHUVRQVGLUHFWO\	DQRWKHUPLOOLRQVLQGLUHFWO\>6XERWK3DQFKDO@7KHJURZWKRIIRXQGU\LQGXVWU\
LVYHU\LPSRUWDQWIRULQFOXVLYHJURZWKRWKHUHQJLQHHULQJVHFWRUV DQG WKHRYHUDOO,QGLDQHFRQRP\ )RXQGU\,QGXVWU\
LV PDMRU IHHGHU WR WKH VHFWRUV OLNH DXWRPRELOHV UDLOZD\V  SRZHU VHFWRU WUDFWRU ,QGXVWU\  3XPSV &RPSUHVVRUV
3LSHV 9DOYHV 3LSH)LWWLQJVHOHFWULFDO WH[WLOHFHPHQWPDFKLQHU\PDFKLQHWRROVIXUQDFHV  (QJLQHHULQJ,QGXVWULHV
6DQLWDU\&DVWLQJVHWF>6XERWK3DQFKDODQG5LFKDUG:+HLQHHWDO@,QPHWDOFDVWLQJVFDVWLURQVWHHO
QRQIHUURXVDQGUHVWPDWHULDOVKDUHVLQWKHUDWLRRI>6XERWK3DQFKDO@
&DVW LURQVDUHSUHIHUUHG LQSODFHRIVWHHOGXH WRUHODWLYHHFRQRPLFDO IDFWRUVDQGPDQXIDFWXULQJDGYDQWDJHV OLNH
ORZSURGXFWLRQFRVWPRGHUDWHPDFKLQLELOLW\ DEOH WRFDVW LQWRFRPSOH[VKDSHVDELOLW\ WRFDVW LQWRKXJHVL]H KLJK
ZHDUUHVLVWDQFH KLJKKDUGQHVV  LPSURYHGGDPSLQJFDSDFLW\HWF >5LFKDUG:+HLQHHWDO DQG*LOOHVSLHHW
DO@
&DVWLURQSURSHUWLHVDUHFKDQJHGE\DGGLQJYDULRXVDOOR\LQJHOHPHQWVRU DOOR\DQWV1H[WWR FDUERQ VLOLFRQ LVWKH
PRVWLPSRUWDQWDOOR\DQWEHFDXVHLWIRUFHVFDUERQRXWRIVROXWLRQ,QVWHDGWKHFDUERQIRUPV JUDSKLWH ZKLFKUHVXOWVLQ
D VRIWHU LURQ UHGXFHV VKULQNDJH ORZHUV VWUHQJWK DQG GHFUHDVHV GHQVLW\ 6XOIXU ZKHQ DGGHG IRUPV LURQ VXOILGH
ZKLFKSUHYHQWV WKHIRUPDWLRQRIJUDSKLWHDQGLQFUHDVHV KDUGQHVV7KHSUREOHPZLWKVXOIXULV WKDW LWPDNHVPROWHQ
FDVWLURQVOXJJLVKZKLFKFDXVHVVKRUWUXQGHIHFWV7RFRXQWHUWKHHIIHFWVRIVXOIXU PDQJDQHVH LVDGGHGWRIRUPLQWR
PDQJDQHVHVXOILGH LQVWHDGRILURQVXOILGH7KH0DQJDQHVHVXOILGHLVOLJKWHUWKDQWKHPHOWDQGLWWHQGVWRIORDWRXWRI
WKHPHOWDQGIRUPWKH VODJ,IPRUHPDQJDQHVH LVDGGHGWKHQ PDQJDQHVHFDUELGH IRUPVZKLFKLQFUHDVHVKDUGQHVV
DQG FKLOOLQJ HIIHFWH[FHSWLQJUH\ LURQZKHUHXSWRRIPDQJDQHVHLQFUHDVHVVWUHQJWKDQGGHQVLW\>5LFKDUG:
+HLQHHWDODQG*LOOHVSLHHWDO@ 0RO\EGHQXP LVDGGHGRQWKHRUGHURIWRWRLQFUHDVHFKLOOLQJHIIHFW
DQGUHILQHWKHJUDSKLWHDQGSHDUOLWHVWUXFWXUHLWLVRIWHQDGGHGLQFRQMXQFWLRQZLWKQLFNHOFRSSHUDQGFKURPLXPWR
IRUPKLJKVWUHQJWKLURQV 7LWDQLXP LVDGGHGDVDGHJDVVHU DQGGHR[LGL]HUEXWLWDOVRLQFUHDVHVIOXLGLW\9DQDGLXP
IURPWRLVDGGHGWRFDVWLURQWRVWDELOL]HFHPHQWLWHVWUXFWXUHZKLFKLQFUHDVHVKDUGQHVVUHVLVWDQFHWR ZHDU




RU DXVWHQWLF PDWUL[ 7KLV OHDGV WR IRUP D GXFWLOH ZKLWH LURQ ZKLFK WKHQ LPSURYHV WKH SURSHUWLHV UHTXLUHG IRU
DSSOLFDWLRQRIZKLWHLURQ%\DGGLWLRQRIUDUHHDUWKPHWDOVWKHJUDSKLWHFDQEHVSKHULRGL]HGWKHUHE\LQFUHDVLQJWKH
ZHDUUHVLVWDQFHDQGDQWLIULFWLRQSURSHUWLHVZKLOHUHWDLQLQJUHDVRQDEO\JRRGPDFKLQLELOLW\>$$=XNRYHWDO@
9DQDGLXP LVJHQHUDOO\FRQVLGHUHG WREHDQDOOR\LQJHOHPHQW IRU WKH LPSURYHPHQWRI WKHKDUGQHVVRIFDVW LURQVE\
IRUPDWLRQRI YDQDGLXPFDUELGHV ,W LV DOVRNQRZQ WR LQFUHDVH WKHQXPEHURI HXWHFWLF FHOO LQ LW >%00RRQ  HW DO
@






E\ VWURQJHU SHDUOLWLF W\SHV WKH VL]H RI WKH JUDSKLWH IODNHV LV PDGH PRUH XQLIRUP DQG WKH JUDLQ VL]H LV UHILQHG
>$PHULFDQIRXQGU\VRFLHW\@$GGLWLRQRIFKURPLXPUHVXOWVLQDQLQFUHDVHLQWKHIUDFWXUHWRXJKQHVV>.+:6HDKHW
DO @ ,QFUHDVH LQ FKURPLXP FRQWHQW LQFUHDVHV VLJQLILFDQWO\ WKH FRUURVLRQ UHVLVWDQFH >.+:6HDK  HW DO
@$GGLWLRQRIFKURPLXPLQFUHDVHVKDUGQHVVEHFDXVHRIVWURQJHUSHDUOLWLFVWUXFWXUH>0X]]DPLOHWDO @
$GGLWLRQ RI KLJKHUSHUFHQWDJHRI FKURPLXPRIIHUV LPSURYHG DEUDVLRQ UHVLVWDQFH DQG WRXJKQHVVZKHQ FRPSDUH WR
QLFNHOFKURPLXPPDUWHQVLWLFZKLWHLURQVDQGVXSHULRUDEUDVLRQUHVLVWDQFH>3HDUFH-7+@
7KHQXPEHURI HXWHFWLF FHOOV LV VLJQLILFDQWO\ ODUJHU LQ FDVH RI FKLOOHG FDVW LURQ WKDQ WKH VDQG FDVWHG FDVWH LURQ
ZLWKRXW FKLOO /DUJHU WKH HXWHFWLF FHOOV  WKH JUHDWHUZLOO EH XOWLPDWH WHQVLOH VWUHQJWK DQG IUDFWXUH WRXJKQHVV >-RHO
+HPDQWK@+LJKKDUGQHVVZDVREVHUYHGQHDUWKHFKLOOHQGWKDQWKHVXUIDFHDZD\ IURPWKHFKLOOHQG>0X]]DPLO
$KDPHG 6 HW DO @,PSDFW WRXJKQHVV RI 3DUWLDOO\ FKLOOHG JUD\ LURQ 3&*, LV LQ D EHWWHU SRVLWLRQ WKDQ WKH
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3DUWLDOO\FKLOOHGGXFWLOHLURQ3&',+LJKZHDUUHVLVWDQFHLVREWDLQHGQHDUWKHKLJKFDUELGHUHJLRQ)LHOGZHDUWHVW
GDWD GLIIHUV IURP ODERUDWRU\ WHVW GDWD ODE WHVW GDWD GHSHQGV RQ VSHFLILF WULER V\VWHP  >-9*LDFFKL HW DO
@$GGLWLRQRIDOOR\VYDULHVWKHSURSHUWLHVRIFDVW LURQOHDGVWRKLJKFRVW$OOR\DGGLWLRQVWREHPLQLPL]HGWR
UHGXFHWKHFRVWRIFDVWLQJ>$ODLQ5H\QDXG@











$OOR\ &DUERQ 6LOLFRQ 0DQJDQHVH 6XOSKHU 3KRVSKRURXV )H




$  SDWWHUQ PDGH RI WHDN ZRRG  ZDV SUHSDUHG ZLWK WKH VKULQNDJH DOORZDQFH RI PPPP DQG ILQLVKLQJ
DOORZDQFH RI  PP 0LOG VWHHO FKLOO H[WHUQDO ZDV SUHSDUHG ZLWK  LQOHW DQG RXWOHW IRU WKH FRRODQW OLTXLG
QLWURJHQ3URYLVLRQLVSURYLGHGWRPHDVXUHFKLOOWHPSHUDWXUHXVLQJD&KURPDO  $OXPHOWKHUPRFRXSOHDVVKRZQLQ
)LJ
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)LJ0LOG6WHHO&KLOOLQGUDJ )LJ3RXULQJRIPROWHQPHWDO
&DVW LURQZDVPHOWHGLQFRUHW\SHLQGXFWLRQIXUQDFHKDYLQJDFDSDFLW\RI.JVKU &KLOOLQJHIIHFWKDVEHHQ
FUHDWHG E\ XVLQJ H[WHUQDO FKLOO DV VKRZQ LQ )LJ /LTXLG QLWURJHQZDV DOORZHG WR SDVV WKURXJK WKH FKLOO WLOO WKH
VWHDG\VWDWHLVUHDFKHGEHIRUHSRXULQJWKHPROWHQPHWDO/LTXLGPHWDOIURPWKHIXUQDFHLVWUDQVIHUUHGLQWRWKHODGOH
,QRFXODQWVOLNHVLOLFRQDQGFKURPLXPDUHDGGHGWRWKHPROWHQPHWDODQGVWLUUHG0ROWHQPHWDO LVSRXUHGLQWRWKH






$OOR\ 6DQGPROGXVLQJ&KLOO&KLOOWHPS R&&U 8VLQJ/LTXLG1LWURJHQ
$OOR\ 6DQGPROGXVLQJ&KLOO&KLOOWHPS R&&U 8VLQJ/LTXLG1LWURJHQ
$OOR\ 6DQGPROG XVLQJ&KLOO&KLOOWHPS R&&U 8VLQJ/LTXLG1LWURJHQ
$OOR\ 6DQGPROGXVLQJ&KLOO&KLOOWHPS R&&U 8VLQJ/LTXLG1LWURJHQ
6SHFLPHQ3UHSDUDWLRQ




IDFH LV WKH SRUWLRQ ZKHUH PROWHQ PHWDO VROLGLILHV ILUVW DQG WKH HQG IDFH LV SRXULQJ VLGH ZKLFK VROLGLILHV ODVW
FRQVLGHULQJ GLUHFWLRQDO VROLGLILFDWLRQ+DUGQHVV WHVW ZDV FDUULHG RXW DW GLIIHUHQW ORFDWLRQV RI WKH FDVW VSHFLPHQ DV
VKRZQLQ)LJXVLQJ9LFNHUVKDUGQHVVWHVWHUZLWK.JORDG










7DEOH VKRZV WKH9LFNHUV KDUGQHVV  +9  PHDVXUHGYDOXHV DW YDULRXV ORFDWLRQV IRU GLIIHUHQW DOOR\V )LJ
VKRZVEDUFKDUWVVKRZLQJGDWDODEHOVIRUFKLOO IDFHKDUGQHVV)DQGHQGIDFH(KDUGQHVV)LJVKRZVJUDSKLFDO
FXUYHVKLJKOLJKWLQJGDWDODEHOV DW&KLOO)DFH)DQGHQG)DFH%
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$OOR\     R&DQG&U 
$OOR\     R&DQG&U 
%DUFKDUWDQGJUDSKLFDOFXUYHVDUHSORWWHGXVLQJWKHYDOXHVOLVWHGLQWDEOH
)LJ'DWD ODEHOVVKRZLQJ+9 DW&KLOO)DFH)DQG%DFN)DFH%
$OOR\ VKRZV WKHKDUGQHVV +9  UDQJLQJ IURP WR$YHUDJHRI  VDPSOHV DUH WDNHQ DW WKH ORFDWLRQV
VSHFLILHG )&0% IRU HYHU\ VSHFLPHQ IURP DOOR\ WR DOOR\ +LJKHU KDUGQHVV DW WKH HQG ) DOOR\ GXH WR
PRLVWXUH FRQWHQW LQ WKH JUHHQ VDQGZKHUHPHWDO JHW VROLGLILHV ILUVW9DULDWLRQ RI KDUGQHVV IURP0 WR( LV DOPRVW
VDPH$OOR\VKRZVPDUJLQDOO\KLJKKDUGQHVVGLIIHUHQFHDW)DQG(DVFRPSDUHGWR$OOR\,QDOOR\PLOGVWHHO
FKLOO LV XVHG DW DWPRVSKHULF WHPSHUDWXUH  DW WKH HQG ) ZKHUH FRROLQJ VROLGLILFDWLRQ UDWH LV KLJK 'XH WR KLJKHU
FRROLQJVROLGLILFDWLRQUDWHFDUERQSUHFLSLWDWHVDVLURQFDUELGHOHDGVWRKLJKHUSHDUOLWHIRUPDWLRQWKDQJUDSKLWH
,W LV REVHUYHG IURP7DEOH WKDW WKHGLIIHUHQFHRI KDUGQHVV IRU6XE ]HUR&KLOOHG FDVW LURQ 6=&&, LH DOOR\ WR
DOOR\LVOHVV+HQFHDOOR\WRDOOR\6=&&,FDQEHJURXSHGDVDQDOOR\KROGLQJVLPLODUKDUGQHVVYDOXHDQGFDQ
EHFRPSDUHGZLWKQRUPDOFKLOOHGFDVWLURQ&&,DOOR\ DQGDOOR\ZLWKRXWFKLOODOOR\














































IURP+9 WR+9  )LJ & & & & & JLYHV WKHPLFUVWUXFWXUHRIFKLOOHG ]RQH)LJ& VKRZV WKH
PLFURVWUXFWXUHRIQRUPDOFDVWLQJVZKLFKVKRZVWKHFDUERQLQWKHIRUPRIJUDSKLWHIODNHVZLWKIHZJUDSKLWHVSKHUHV
0LFURVWUXFWXUHVKRZVWKHJUDSKLWHIODNHOHDGLQJWRIRUPDWLRQRIJUD\FDVWLURQWKURXJKRXWWKH)&0DQG%]RQHV
+HQFH KDUGQHVV YDULHV IURP+9 WR+9+LJKHU KDUGQHVV LV REVHUYHG DW WKH ) ]RQHPD\ EH GXH WR HDUO\
FRROLQJVROLGLILFDWLRQ HIIHFWV )LJ& VKRZV WKH XQLIRUP GLVWULEXWLRQ RI JUDSKLWH¶V LQ WKH IRUP RI RI QRGXOHV
VXUURXQGHGE\SHDUOLWHDQGVRPHFHPHQWLWH+HQFHWKHUHLVULVH LQKDUGQHVVXSWR+9)LJ& & & & JLYHV
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0LFURJUDSKVVKRZLQJGLVSHUVLRQRIFDUERQLQYDULRXVIRUPVPDJQLILFDWLRQ;










,WKDVEHHQREVHUYHG WKDW ZHDU LVYHU\KLJK IRU DOOR\/RZKDUGQHVVDQG WKHFDUERQ LQ WKHIRUPRIJUDSKLWH
IODNHVSURPRWHVKLJKHUZHDUPLFURQV$OOR\DQGDUHYHU\KLJKZHDUUHVLVWDQW :HDUUDQJHVIURP
WR PLFURQV0LFURVWUXFWXUH DW WKH FKLOO HQG VKRZV WKH IRUPDWLRQ RIPDUWHQVLWH DQG SHDUOLWH0DWHQVLWH LV WKH
FRPELQDWLRQ RI SHDUOLWH DQG ,URQ FDUELGH ZKLFK LV YHU\ KDUG OHDGV WR IRUP FDUERQ LQ WKH IRUP RI ,URQ FDUELGH
)LJ& & &
%DFNHQG% HQG
:HDUDW WKHEDFNHQG DZD\ IURP WKHFKLOOYDULHV IURP  WRPLFURQV (IIHFWRI FKLOOLQJ LVQRW VHHQ IRU
DOOR\V  DQG  ZKLFK LV XVHG IRU ZHDU WHVW )LJ % % % % % DQG  )LJ 0 0 0 0 0 DUH WKH
PLFURJUDSKV FRQWDLQLQJ JUDSKLWH¶V LQ YDULRXV IRUPV ILEURXV OLNH 8QLIRUP 5RVHWWH  6XSHULPSRVHG .LVK DQG








XSWR R&SURGXFHVKLJKKDUGQHVV LQ WKHYLFLQLW\RIFKLOOHQGIDFH+LJKZHDU UHVLVWDQFH LV IHOWDW WKHFKLOOHQG
:HDULVYHU\KLJKIRUWKHQRUPDO FDVWLURQ FDVWLQJ:HDUDWWKHFKLOOHQGLVDOPRVWFRQVWDQWIRUWKH FDVWLURQFDVWLQJV
SURGXFHGXVLQJQRUPDO PLOGVWHHO FKLOO 06/ DQGFKLOOZLWKVXE]HURWHPSHUDWXUH ,WLVSUHIHUDEOHWRXVHQRUPDOPLOG
VWHHOFKLOO8VHRIVXE]HURFKLOOLQJXVLQJOLTXLGQLWURJHQLVWHGLRXVXQVDIH DQGFRVWO\ 0LOGVWHHO FKLOO RIYDULRXV
WKLFNQHVV FDQEHWULHGDQGWHVWHGIRUIXWXUHZRUN WRRSWLPL]HWKHZHDUUHVLVWDQFH 6PDOOSHUFHQWDJHRIFKURPLXPLV
QRWDVVLVWLQJLQSURGXFLQJJRRGZHDUUHVLVWDQFH+LJKHUSHUFHQWDJHRIFKURPLXPFDQEHDGGHGDQGWHVWHG+RZHYHU
HOLPLQDWLQJ WKH DGGLWLRQ RI DOOR\V KHOSV WR ORZHU WKH FDVWLQJ FRVW 7KH SUHVHQW ZRUN DOVR SURYLGHV WKH HIIHFWLYH
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7KDQNV WR WKH 0DQDJHPHQW +.%. &ROOHJH RI (QJLQHHULQJ %HQJDOXUX IRU SURYLGLQJ ODERUDWRU\ IDFLOLWLHV DQG
HQFRXUDJHPHQW 0\SURIRXQGJUDWLWXGHWRWKHIHOORZUHVHDUFKHUVDQGFROOHDJXHV 'U.9HQNDWHVZDUOX  3ULQFLSDO
6FLHQWLVW  1DWLRQDO $HURQDXWLFV /DERUDWRU\  'U6DQGHHS 6KDVWU\  3UR 9LFH &KDQFHOORU  -DLQ XQLYHUVLW\
'U6*5DNHVK$VVRFLDWH'HDQ$PULWD6FKRRORI(QJLQHHULQJ'U651DJDUDMD&KDLUPDQ0($PULWD6FKRRO
RI(QJLQHHULQJ'U9LMD\D6LPKD5HGG\+HDG 0( 9HPDQD,QVWLWXWHRI7HFKQRORJ\%HQJDOXUX DQG 'U6D\HHG
$KPHG.KDQ3V\FKLDWULVW/HLFHVWHUKRVSLWDO/HLFHVWHU8.

